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the same or different in chondrocytes from the 3 deﬁned histological
zones of the human articular cartilage.
Methods: Femoral head cartilage samples (n¼12) obtained at the time
of hip arthroplasty were stained with India ink and only the unaffected,
smooth cartilage was used. A portion of the cartilage was ﬁxed, decal-
ciﬁed and analyzed histologically. Chondrocytes were derived by
enzymatic digestion of superﬁcial zone (SZ), transition zone (TZ) and
deep zone (DZ) of the cartilage and cultured in monolayer. Chon-
drocytes stimulated with IL-1b (10ng/ml) in vitro for 24h were used in
these studies. Gene expression of 84 human epigenetic modiﬁcation
enzymes was studied using Human Epigenetic Chromatin Modiﬁcation
Enzymes RT2 Proﬁler PCR Array. Expression levels of DNMT-1, -3A,-
3B, Thymine DNA glycosylase (TDG) and of selected genes was quan-
tiﬁed by TaqMan Assays. Expression of Global DNA methylation level
was determined using MethylFlashTM Methylated DNA quantiﬁcation
kit. IL-1b-induced changes in the activity of DNMTs and DNA deme-
thylases was studied using commercially available kits. Effect of DNA
demethylation by a pharmacological agent 5-Aza-2 deoxycytidine (5-
Aza) on the expression of matrix metalloproteinases (MMPs), tissue
inhibitors of MMPs (TIMPs), cyclooxygenase-2 (COX-2) and SOX-9 was
also studied. SiRNA-mediated knockdown of DNMT-1 expression was
used to study its role in the regulation of selected genes. Results were
derived using Origin 6.1 software package and p<0.05 was considered
signiﬁcant.
Results: In IL-1b-stimulated chondrocytes, global DNA methylation
showed signiﬁcant increase in the DZ chondrocytes (128%) and in SZ
chondrocytes (44%), but not in TZ chondrocytes. Expression analysis of
84 genes whose products are known or predicted to modify genomic
DNA and histones to regulate gene expression, identiﬁed 30 genes that
displayed signiﬁcant differences in expression upon IL-1b-stimulation.
Results of both the mRNA array and TaqMan assays showed a signiﬁcant
up-regulation of DNMT-1, -3A and -3B gene expression upon IL-1b-
stimulation which correlated with the increased total DNMT and
DNMT-1 enzyme activity in both the SZ and DZ chondrocytes but not in
TZ chondrocytes. Interestingly, expression and activity of DNA deme-
thylases and TDG enzymes was also increased in SZ chondrocytes by IL-
1b-stimulation. Pharmacological DNA demethylation and knockdown
of DNMT-1 resulted in signiﬁcant increase in the expression of MMP-3,
MMP-9, MMP-13, TIMP-2, and COX-2 and transcription factor SOX-9 in
SZ chondrocytes.
Conclusions:We identify for the ﬁrst time several new candidate genes
that show epigenetic regulation in response to IL-1b in human chon-
drocytes. We also show that IL-1b induce hypermethylation of genomic
DNA in SZ and DZ chondrocytes, but not in TZ chondrocytes, which
positively correlated with the expression and activity of DNA methyl-
atranferases. IL-1b stimulation also increased the expression and
activity of DNA demethylases suggesting a dynamic regulation of DNA
methylation and demethylation in SZ chondrocytes. Our results also
suggest a role of DNMT1 activity in mediating epigenetic modiﬁcations
that regulate the expression of MMP-3, -9, -13, TIMP-2, SOX-9 and COX-
2 in human chondrocytes.56
OXIDATIVE STRESS INDUCED CHONDROCYTES APOPTOSIS WERE
INHIBITED BY EICOSAPENTAENOIC ACID
S. Sakata, S. Hayashi, T. Fujishiro, N. Kanzaki, S. Hashimoto, K.
Kawakita, K. Iwasa, N. Chinzei, R. Kuroda, M. Kurosaka. Kobe Univ.
Graduate School of Medicine, Kobe, Japan
Purpose: Osteoarthritis (OA) is the most common joint disease of
elderly population, and characterized by the progressive destruction
and loss of the articular cartilagematrix due to unbalanced anabolic and
catabolic activities of the chondrocytes. Apoptosis of chondrocytes has
been reported to be correlated with the severity of OA and is involved in
the progression of the disease. Nitric Oxide (NO) is a free radical that
undergoes a variety of reactions in tissues with other radicals, such as
superoxide. In OA cartilage, NO is present at higher level, and may play
an important role in the progression of OA. Overproduction of NO has
been reported to induce apoptosis of chondrocytes. Eicosapentaenoic
acid (EPA) is an antioxidant, and one of n-3 polyunsaturated fatty acid
which can be taken from ﬁsh oil. In molecular level, EPA reduces the
production of inﬂammatory cytokines such as IL-1 beta or TNF-a.
However, the mechanism of reduction in chondrocytes apoptosis stillhas been unknown. In this study, we investigated that oxidative stress-
induced chondrocytes apoptosis was regulated by EPA treatment.
Methods: Normal Human Chondrocytes were pretreated with 30 mg/ml
EPA for 8 hrs. After the treatment of EPA, 1mM Sodium nitroprusside
(SNP) which was used as an exogenous source of NOwas added, and the
cultures were incubated for further 12 hrs.
The expression of phosphorylated p38MAPK, phosphorylated p53,
cleaved PARP and cleaved caspases 3 were detected bywestern blotting.
Chondrocytes apoptosis was detected by Flow cytometry.
Results: We evaluated the effects of EPA on phosphorylation of
p38MAPK and p53 in response to oxidative stress. Western blotting
demonstrated that phosphorylation of p38MAPK and p53 were
increased by the treatment with SNP. However, exogenous EPA treat-
ment inhibited the phosphorylation of p38MAPK and p53 (Figure 1).
Further, we evaluated the effects of EPA on chondrocytes apoptosis in
response to oxidative stress. Flow cytometry showed that apoptosis in
chondrocytes were increased by SNP treatment, but chondrocytes
apoptosis were inhibited by the treatment with EPA (Figure 2). Western
blotting conﬁrmed that cleaved caspases 3 and PARP were increased by
the treatment with SNP, but decreased by the treatment with EPA
(Figure 3).
Conclusions: Our results demonstrated that EPA reduced the phos-
phorylation of p38MAPK and p53, and inhibited oxidative stress-
induced chondrocytes apoptosis. We can suggest that anti-apoptotic
function of EPA may work on p38-p53 pathway.Figure 1. The expression level of phosphorylated p38MAPK and p53 (Western
Blotting).Figure 2. The rate of chondrocytes apoptosis.Ă
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57
TGFb1 INCREASES OXIDATIVE STRESS IN HUMAN OSTEOARTHRITIS
ARTICULAR CHONDROCYTES THROUGH MECHANISMS INVOLVING
NOX4
L. Lugo y, G. Herrero-Beaumont y, S.A. JImenez z, S. Piera-
Velazquez z. y IIS-Fundación Jiménez Díaz, Madrid, Spain; z Thomas
Jefferson Univ., Philadelphia, PA, USA
Purpose. Oxidative stress plays an important role in articular cartilage
in osteoarthritis (OA). Although reactive oxygen species (ROS) are key
components of numerous normal physiological processes in chon-
drocytes, ROS overproduction results in oxidative stress causing chon-
drocyte death and matrix degradation. NADPH oxidases such as NOX4
play a major role in ROS production. It has been described that TGFb1
increases cartilage cellular ROS levels, exhibiting a pro-oxidant effect.
However, TGFb1 regulation of NOX4 and the role of NOX4 in articular
cartilage have not been fully elucidated. Here, we characterized NOX4
participation in TGFb1-induced oxidative stress increase in human
articular chondrocytes and evaluated its possible role in articular
cartilage pathology.
Methods. Human OA articular cartilage chondrocytes were cultured
with or without TGFb1 (10ng/ml) and the role of NOX4 was assessed by
examining the effects of a speciﬁc NOX4 inhibitor (10mM). Total ROS
production was determined following 5h incubation with TGFb1 alone
or in combination with the speciﬁc NOX4 inhibitor using a superoxide-
sensitive ﬂuorescent dye. NOX4 expression was evaluated by semi-
quantitative real-time PCR after 24h incubation with or without TGFb1.
The intracellular kinases involved were examined employing the
following speciﬁc kinase inhibitors: 10 mM SB431542 (smad2/3 inhib-
itor), 5mMLY194002 (PI3kinase inhibitor) or 3 mMSI3 (smad3 inhibitor).
To study the direct effects of NOX4 overexpression in chondrocytes, the
cells were incubated for 24h with a pLentiviral expression vector which
up-regulates NOX4 or with an empty lentiviral construct as a control
and the expression of NOX4, COL1, COL2, COL10, AGGR, COMP, SOX9 and
TWIST1 was assessed by semi-quantitative real-time PCR.
Results. TGFb1 caused stimulation of total ROS production compared
with non-treated cells as assessed by ﬂuorescence microscopy. These
effects were mediated by NOX4 as they were abrogated by the speciﬁc
NOX4 inhibitor. Gene expression studies indicated a potent upregula-
tion of NOX4 by TGFb1. The kinase inhibitory studies demonstrated that
the speciﬁc smad2/3 inhibitor SB431542 was the only inhibitor that
caused a decrease of NOX4 stimulation induced by TGFb1. In contrast
SI3, a speciﬁc smad3 inhibitor did not cause any effect. The lentiviral
construct-induced up regulation of NOX4 produced a signiﬁcant
reduction in AGGR expression levels.
Conclusion. TGFb1 causes a marked increase in oxidative stress in
human OA chondrocytes that is mediated by elevated expression of
NOX4. The increase in NOX4 expression involves a smad2 dependent
mechanism. The increased levels of ROS mediated by increased NOX4
caused a reduction of aggrecan gene expression. The results indicate
that TGFb1 may cause deleterious effects on human articular chon-
drocytes owing to a NOX4-mediated potent stimulation of ROS
production and that speciﬁc NOX4 inhibition may be beneﬁcial for
human OA.
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IDENTIFICATION AND CHARACTERISATION OF NOVEL MICRORNAS
INVOLVED IN OSTEOARTHRITIS
N. Crowe y, T.E. Swingler y, L. Le y, K. Sorefan y, H. Pais y, M.J. Barter z, S.T.
Donell y, D.A. Young z, T. Dalmay y, I.M. Clark y. yUniv., of East Anglia,
Norwich, United Kingdom; zNewcastle Univ., Newcastle, United KingdomPurpose: Osteoarthritis is a painful and debilitating disease charac-
terised by loss of cartilage, aberrant gene expression and bone
remodelling. MicroRNAs are very small, 20-24 nucleotide non-coding
RNA molecules that post-transcriptionally regulate gene expression.
There is evidence to suggest that they can affect chondrogenesis and
both the initiation and progression of osteoarthritis, however the exact
mechanisms are still mostly undetermined. In this study we discovered
novel microRNAs, using next generation deep sequencing, with a role in
chondrogenesis and osteoarthritis, and subsequently elucidate their
function.
Methods: Novel microRNAs expressed in human osteoarthritic articular
cartilage were identiﬁed using deep sequencing with Illumina's GAIIX
system and validated in primary chondrocyte culture in vitro using real
time PCR. Expression of the novel microRNAs were also measured in
chondrogenesis assays and across diverse human tissues. Northern
blotting was utilised to validate size of novel microRNAs, and bio-
informatics analysis was employed in initial target searches to establish
function. An Illumina total genome microarray will be used alongside
the bioinformatics data to conﬁrm microRNA targets and thereby
elucidate function.
Results: Deep sequencing of the small RNA pool from chondrocytes
extracted from primary human osteoarthritic cartilage identiﬁed
w1600 completely novel miRNAs. Sixteen of these have been validated
in cultured primary human chondrocytes and across a human tissue
panel using qRT-PCR. Three novel microRNAs were proven by northern
blotting to be of correct size. A bioinformatics target search using
RStudios combined with freely available online software has shown
a range of targets for these three such as IL6ST, CD44, andMMP16which
are known to be involved in osteoarthritis and chondrocyte
development.
Conclusions: The entire microRNA population of cartilage is still not
fully determined, however the sequencing used in this project provided
substantially less bias than many deep sequencing experiments. We
found a number of novel microRNAs to be regulated during chondro-
genesis and to have differential expression between osteoarthritic and
non-diseased articular cartilage tissue. Potential targets such as IL-6ST
and CD44 further suggest a role in osteoarthritis or chondrogenesis. The
signiﬁcant number of novel microRNAs discovered and their subse-
quent validation provides new insights into how microRNAs may
regulate both cartilage homeostasis and contribute to osteoarthritis.59
INDUCIBLE CARTILAGE-SPECIFIC PPARGAMMA-DEFICIENT MICE
EXHIBIT ACCELERATED EXPERIMENTALLY-INDUCED OSTEOARTHRITIS
ASSOCIATEDWITH DEFECTIVE AUTOPHAGYAND mTOR SIGNALING
F. Vasheghani, Y. Zhang, J.-P. Pelletier, J. Martel-Pelletier,
M. Kapoor. Univ. of Montreal, Montreal, QC, Canada
Purpose: Our previous studies showed that germ-line PPAR-g knockout
(KO) mice exhibit cartilage and bone developmental defects and during
aging they exhibit spontaneous cartilage degradation. To bypass these
developmental defects associated with germ-line PPARg KOmice, in the
present study we generated inducible-cartilage-speciﬁc PPARg KOmice
and subjected these mice to destabilization of medial meniscus (DMM)
model of osteoarthritis (OA). The main objective of this study was to
identify the speciﬁc in vivo role of PPARg in OA using DMM murine
model.
Methods: Inducible cartilage-speciﬁc PPARg KO mice were generated
using the LoxP/Cre system in which Cre expression was induced by
doxycycline treatment in 4 weeks old mouse. 10 weeks old mice were
subjected to DMM model of OA.
Results:Histomorphometric analysis ofmice knee joints 5 and 10weeks
post OA surgery showed that inducible cartilage-speciﬁc PPARg KOmice
when compared to WT mice, exhibited accelerated OA (signiﬁcantly
increased OARSI histopathological scoring) associated with enhanced
cartilage degradation, hypocellularity, synovial inﬂammation, mono-
nuclear cell inﬂux and increased expressionof catabolic factors (MMP-13
and ADAMTS-5, accompanied by decrease in the expression of aggrecan
and type II collagen. Our results also showed that PPARg deﬁcient
cartilage exhibited enhanced expression of mammalian target of rapa-
mycin (mTOR) associated with decreased expression of autophagy
speciﬁc genes includingULK1 (most up streamautophagy inducer), LC3B
(critical factor for autophagy vacuole formation) and ATG5 (required for
autophagosome formation). Treatment of PPARg deﬁcient chondrocytes
